Few quantitative studies of the biological oxidation of nitrite by Nitrobacter have been made, although this process is important in nature. Without it, the concentration of nitrite produced by the oxidation of ammonia would soon reach toxic levels in water or in the soil. The influence of temperature and substrate concentration on the rate of this reaction has never been quantitatively studied, although much contradictory information can be found in the literature. Precise results may have been difficult to obtain and it is perhaps for this reason that the otherwise exhaustive investigations of Meyerhof (1916) do not mention the effect of temperature. The present paper attempts to summarize the data obtained regarding the effects of these two factors and their interaction on the rate of nitrite oxidation.
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MATERIAL AND METHODS
A strain of Nitrobacter winogradskyi Buch, kindly supplied by Professor H. Engel, Hamburg, was used. The organism was grown under conditions of forced aeration at a temperature of 32 C in a mineral solution of the composition given by Remer (1957) . The incubation temperature may seem a little high. Actually the optimum for growth of Nitrobacter is rather poorly defined (Meiklejohn, 1954) . Preliminary experiments indicate that this temperature is not far from the growth optimum of the strain utilized here. The only advantage in the utilization of Remer's solution consists in facilitating the centrifugation of the cells which are carried down more readily with the mineral precipitate.
It has been demonstrated by Goldberg and Gainey (1955) , Engel and Alexander (1958) , and Aleem and Alexander (1958) that the presence of a solid phase in the culture solution is not necessary for the growth of nitrifying bacteria.
The culture was made in a 10-L flask from which 1 or 2 L were removed daily and replaced by an equal volume of fresh sterile solution, to which sufficient nitrite had been added to bring the concentration of nitrite nitrogen of the 10-L volume to that of the original medium. The culture was centrifuged and a mixture of mineral precipitate and cells was harvested and washed several times with a phosphate buffer (0.03 M, pH 7.8) until no nitrite could be detected in the washings. It has been shown by Lees and Simpson (1957) that the presence of particulate matter in the cell suspension does not influence the results. We have verified this by growing the cells in a medium free from mineral precipitate, from which they can be harvested by high speed centrifugation. The mixture of washed cells and mineral precipitate is then resuspended in the same phosphate buffer solution as that used for washing.
All measurements of oxidation rate were made by the conventional Warburg technique. No alkali was used in the center well since it was verified that its absence had no effect on the initial rate of oxidation. In fact, as mentioned by Meyerhof (1916) (Meyerhof, 1916; Gould and Lees, 1958) rate during most of its course (figure 1). We have verified that there was an exact stoichiometrical relationship between oxygen uptake, nitrite oxidized, and nitrate produced (Meyerhof, 1916; Lees and Simpson, 1957) . The slight discrepancy (about 2 per cent) between the theoretical and the actual oxygen uptake mentioned by Meyerhof (1916) Eadie (1952) and of Augustinsson (1948) , show how this relation is followed.
Since the Michaelis-Menten relationship is followed accurately it is thus possible to calculate graphically the values of Km and of Vm for each temperature. If the cell suspension has been standardized by a parallel determination of both constants at a reference temperature, it is then possible to calculate the influence of temperature on these two parameters.
Influence of temperature on the rate of nitrite oxidation. The effect of temperature at a given substrate concentration will be determined by its influence on the apparent turnover number of the enzyme system and on the affinity constant for the reaction between enzyme system and substrate. We can thus limit ourselves to the study of the effect of temperature on the constants Vm and Km.
Variation of the maximum rate of oxidation with temperature. Figure 4 gives the variation of the logarithm of the ratio of the calculated maximum rate at a given temperature (Vmt) to the Vm at the reference temperature (V,,.2). This value is plotted against the reciprocal of the absolute temperature. Since Vm is equal to k3(E) where k3 is the turnover number of the enzyme and Figure 4 . Arrhenius plot of the ratio: maximal rate of nitrite oxidation at temperature t to maximal rate at reference temperature. (E) the enzyme concentration, it is evident that the ratio of the Vm gives us the ratio of the turnover numbers of the enzyme system at the two different temperatures and becomes thus a measure of the effect of the temperature on the turnover number of the enzyme system regardless of the density of the cell suspension used.
From these data, care. As pointed out by Stearn (1949) : "It is much easier to obtain a reasonably good value for Km itself than to establish with much accuracy its change with temperature." In figure 5 it is seen that log Km varies linearly with the reciprocal of the absolute temperature. The slope of the straight line representing the best fit to the experimental points gives an enthalpy of 19,500 :1: 1,100 cal per mole.
No thermodynamic interpretation of this constant is possible until values of the individual rate constants for the process are known.
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SUMMARY
Preliminary quantitative kinetic data on the nitrite oxidation by Nitrobacter winogradskyi are given. The initial rate of oxidation varies with the substrate concentration according to a Michaelis-Menten type of rate law. The influence of temperature on the parameters of this equation can be expressed by an activation energy of 9850 cal per mole for the whole process and an enthalpy of 19,500 cal per mole for the formation of the substrate-enzyme complex provided the corresponding equilibrium is not disturbed by the formation of the reaction product.
